In recent years increasing emphasis has been placed on the clinostat as a substitute for the free-fall environment, or as a test situation preliminary to free-fall experiments utilizing orthogeotropic plants. Clinostats are devices designed to reorient the plant continuously by rotation on a horizontal axis, so that the tropic effect of gravity direction is nullified or "compensated." Gravity-compensated plants grow in the direction imparted by the original orientation of the plant or seed and show no directional response to the continuously changing directional vector of gravity. Furthermore, gravity compensation appears to increase shoot geosensitivity. If the shoots of compensated cereal grain seedlings are subsequently gravity-stlmulated by placing them in a stationary horizontal position, they will curve more than shoots that were not compensated prior to geostimulation (6, 24) .
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In the cells of the geoperceptive regions of many plants, mobile, dense amyloplasts fall toward the physically lower wall during geotropic stimulation. The "statolith" amyloplasts observed in these geoperceptive regions are often ultrastructurally distinct (higher starch-stroma ratio) from those found elsewhere in the plant (14) and are believed by many to function as gravity sensors (1, 19, 26 ; but see 21) . ' 0.50) for any of the measurements, these two groups of data were pooled in each set.
RESULTS AND DISCUSSION In the IKI-stained preparations, the starch grains appear as round, uniformly dark bodies, apparently free within the cells. However, ultrastructural studies (15) of oat coleoptiles show that starch grains are always deposited within a plastid and are usually composed of two to six closely appressed polyhedral granules. Figure 1 shows that the starch grain diameter is larger in compensated shoots, both in the tip and in the cells below the tip, than in noncompensated controls. The differences are highly significant (P < 0.01). The number of starch grains per 10 pum cell section in each region is not significantly different in compensated and control shoots ( Table I ). The shape of the distribution curves for starch grain diameters in the compensated and control tissues of the tip region exhibit a degree of similarity, but the starch grains of the compensated tissues fall into three prominent size classes, whereas the controls fall into only two. The compensated tips have more grains in the larger (4.5-5.0 um), and fewer in the smaller (2.5-3.0 ,um) prominent size classes. In the below-tip tissues the distribution curves of starch grain diameters in both compensated and control tissues are again similar to each other and exhibit somewhat normal size distributions with a single prominent size class for each of the treatments. In the compensated tissues the entire distribution curve is shifted toward the larger size classes. However, the two distribution curves of the tip region are quite dissimilar in shape from the corresponding curves of the below-tip region.
Amyloplasts are the only organelles that can be directly observed to settle to the physical "bottom" of living plant cells upon reorientation. Since amyloplast starch has a density (1.60- 1 amyloplasts with large starch grains will be more dense, as well as larger in diameter, than those with smaller starch grains, assuming a constant volume of plastid matrix. According to Stokes' law, the velocity of sedimentation of a body is proportional to the square of its radius times the difference in density between the particle and the suspending medium. Thus, an explanation can be suggested for the enhancement of geosensitivity in shoots by gravity compensation based on an increase in amyloplast size and density. Hertel et al. (11) and Filner et al. (7) have examined the geotropic responses of a number of mutants of maize with large or small starch grains in their amyloplasts. They have demonstrated a high, direct correlation between amyloplast size and both geotropic response and lateral redistribution of auxin. In contrast to the geotropic effect, phototropically induced lateral auxin asymmetry was not significantly different in the normal and mutant corn varieties. Amyloplast size is often directly proportional to starch content. However, the movement per se of amyloplasts, or any other organelle, such as the dictyosome (25) , in geotropically stimulated plant cells does not explain the transduction mechanism producing the hormone imbalance that precedes geotropic curvature.
Our results are consistent with hypotheses proposing sedimented statolith amyloplasts as the source of some chemical or factor that stimulates transport (1, 2, 12) . In this case, amyloplasts of the oat coleoptile tip parenchyma cells may function as physiologically active gravity sensors that polarize the cell by providing more starch-derived metabolites to the physically lower portion of the cell into which they settle. These amyloplasts are considered to continually secrete sugar (Fig. 2) , the differences in amyloplast number may be partially explained by the larger average volume of the cells below the tip (Table I) . A smaller fraction of the total number of plastids would be observed in each 10 ,cm section of the larger cells. Contributing to the larger number of starch grains observed in the tip cells may be the tendency of the amyloplasts there to maintain a full complement of starch beyond 72 hr of growth in darkness (14) , whereas the amyloplasts of the parenchyma cells below the tip lose starch during this period. Starch is not lost uniformly from all of the below-tip amyloplasts. Rather, some amyloplasts retain starch grains while others become completely starch-free and thus are not visible in the sectioned material stained with IKI (15) .
The starch mobilization (degradation or deposition) characteristics and ultrastructural appearance of the tip amyloplasts are quite distinct from those in the below-tip region. In many of the tip amyloplasts one or two of the starch granules comprising the dimeric to hexameric compound grain are observed to be preferentially mobilized, while the other granules are unaffected. Hypotheses explaining the ability to localize the degradative process to a particular area within the plastid have been proposed (14, 15) . They suggest that a portion of the starch-mobilizing enzyme system is bound on, or within, the numerous plastid lamellar membranes that are observed in close proximity to, or within, the eroding grains. Coleoptile tip amyloplasts that maintain a uniform morphology and that show localized, lamellae-associated starch mobilization are observed throughout the first 96 hr of growth in the dark (14) . These observations suggest a process of continuous carbohydrate turnover in these plastids. The degradation or deposition of an individual starch granule within a tip amyloplast is sufficient to shift the compound grain size by several of the diameter classes of Figure 1 , and may help to explain the multiple peaks in the size distribution curves.
Whether or not starch-derived metabolites function directly in the gravity-sensing mechanism is still unresolved. However, from this study it is apparent that changes in the gravitational environment of oat seedlings result in changes in the size of amyloplast starch grains. The increases in starch grain diameter observed here under gravity compensation result in amyloplasts of greater size and density. These findings are consistent with reports (4, 6) that clinostat rotation increases the geotropic curvature in response to subsequent stimulation, and with the hypothesis that amyloplasts have a role in the geoperceptive mechanism.
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